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^-71 ^12^^^]-^ 1^ J±^&-§- i#*Rr ^12^^>^# ^ 4d^*H ^71 ^r^7l 

5- #^Rr ^12^ s.; ^ll^s.1- ^H^fe *llH4Ji-I-# ^ll^i^s]^-; #7] A2 

i 1 
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^r^Rr ^^^1 {MODULAR MULTIPLICATION CIRCUIT WITH LOW POWER} 

[SUSS] ^] 

35. 6 o. ^ #^7H^S1 s|-olHel-<y« 0 v^ol ^-g-S} 0.0] ^e)^ 

^ ^ S^l^H ^«J^- ^4 71^* 7>^1 Cfl^ 

a- j^ov^. ^^(cryptography) ^^Eflofl ^o.^, <y- 
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<9> ^^fEi ullH^-la -fHF*l*4l* zj-^ CHI o] ^JLWHr ^iL-f-Al ^-^oflA-] 

^V^l 5££r Sl^l^^lHfe Jl^Kencrytion) ^ decrypt ion) 7]#^- 3-g-*H 

S^iL*}^ SfcSlS- 7l#^ 3.711 «l^?l(tfl^)7l secret 

key, symmetric key, private key, common key) -if-7117] («1 tfl^l 7] ; public key, 

asymmetric key) ^HrlH ^ $14. 

<io> ti] «o v ^^r °l^s^ A o VJ M^ ^^^(NBSHl £RV DESCData Encryption System) 

^ <gJL$^o] tflS^Sl ZL sqofl ^ dt^S] GOSKGOvernment STandard) , 

IDEA( International Data Encryption Algorithm) -f-°l $XA. QS.^- ^^HH-^ 

S«r ^^tr til^^ll- ^-fr^M*) s}JELS lJE<^ *M<>1 ^-fi-SKE ^1 ^ 

5^ A}^^ ^M^AHl^ tr ^V-§-7>7> til ^71 *fl^-g; -fM ^ ^*M<5 r <*|o) flcf^ 

<11> tiV^ofl, ^-7fl7l <y-Jl2r «o V ^^r 7l<4 41^*}^ ?)A *\3- *fl^l 1" 

# ^>M-* ^Sr£ H <*fl Efl-§-*H=- 7l» ^71 o^S^. ^ Al^olcf. ^7fl7l aJ-jLS* « 0 > 
^HH^r, *Kf£] am^l^- cfs. s>q.cq ^- 7 fl7ll- A}-g-s}o} ^a^lr(scramble)/4ia 
^l-(descramble)*i-4. ^7fl7l <&S.$t « 0 V ^ £ , 711- ^-ft-*>7l fltb ^£^1 ^fl^°] €jM & 

°r 71 #B]7} ^<5>JI til ^71 HJ-^ofl til^H fio}^ ^EJ^d]., ^7>X]o] A^S. 4€r 7l# ^<3 

^*>jl olf fsfoj 4^s>7l $1 tr <r«MSl °1 -H^^ ^ °11 aUtM 

<i2> -g-71171 ^SJ- -^-ZLSl^-^, 1976\1<H1 Diffie^r Helman<Hl £]*fl a^S. ^1^ o] Efl , ^fl 

RSA(R.L.Rivest , A.Shamir, and L.Adelman; "A method for obtaining digital signatures 
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and public-key cryptosyatems"; Commun. ACM, Vol.21, pp. 120-126, Feb. 1978, £E^ 
^^ 4,405,829) QjLZl^o] ^o. S o}-^ ^ o] RSAHH£- 4€- #fr^ ^ 

7fl7l <y-jLs)- A)i:^oi Diffie-Hellman ^ DSA(Digital Signature Algorithm) «o v ^4 p> 

*V7}*l5. SfS ^-^(modulo-multipli cation)^- S>JI $14. 

<13> RSA ^JlBl^^r 1024«1H €• ^(integer)* 7l «ho 5. % ^°\] 

^33^, €• 741^ (modulus)^ ^91^ £*fl7 r *fl-f ^^-§-^1 =L °}^2] e?1# ^ 

-H $14. 

<w> RSA <£ZLH}#^ £fS ^(modulo exponentiation operation)* 7l£- 

^^.2-5. ^l-g-^>Jl ^(plaintext) P# ^Jl^C cipher text ) CS. ^SsKencrypt ion)£> 

7} ^7^9] <#o} E(°J-^^1^ HL^r ^JlSM) * 

M(7fl^ Modulus)* °l-g-*H Si-tH C = P E mod 1H ^Jl^- C# ^tr4. C» 

^ PS ^-SSKdecryption)^ SU^H^r wlH^l D(4^1t)I °l-§-*H P = C D 

mod M(C» D«i ^-tr 4^ 3#)°fl ^*fl ^-g- P« ^11" 1"^, °l 

el^(Alice)^ a}^o) «KBobH?}- ^r^HlTll <#3L5[$. ^Hl^ll- J£ifl7l ^lH^, a.^ AfeJ- 
^-7fl£]^ ^ ^-7fl7l ES*1 ^sj-tr 3 ^fl ^ (unsecure channel)* 

-f^M y *Hl 711 Of JSL^t}. ^i^, ^ ^ 9X^ w]^7l D» a> 

-g-*lH oj-jTSr^ ^Jrg^lH ^i-flo] P )» ol^ 

<i 5 > ov/^5j. # 711- Aj^^ 7 i ^^a^, o-Aj - 7 flo} nfl o. 3. prime number) p 

^ ql- ^d^M M = pXql- Tll^^Jl, gcd[D, (p-l)(q-l)] - 1* ^*>fe ^1- ^JlSJ- 

7l DS. tr4. g C d^ 2|cfl^-^ (great est common divider) °1 4. ^^L^r ?} E^ E>D = 1 

mod [(p-D(q-l)]* -L^Kr <£SL$-7\ E# ^tr4. 
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<ie> RSA* ^tt 2.1-5. <g*Kmodular multiplication)^ ^-^4 M-3c^°l ^-^M & 

o\ 7\}^Zl7\ ^^\JL H7l 7} 1024 H]H 3.7} nfl^-ofl Jl#^ ^ 

3* fltr *ri=*|<H 21^ ^o] o^cj.. & f A}-g-^ 71 ^O] #7>T5V*| £fS ^ 
*1 <2^27 r #^£]JEL5. Jl4p^AV# ^«fl*|fe ^-S-tb 2#5 ^# 7>^-*> 2}dt 

3. #^^> flnf. RSA <£jLS|f^ 215 ^O-S. 

°5 RSA ^Jls}- a]^ s.^rS. &$7]*\ ^tHI oicf. 

(array multiplier)* tr€- *rM"^ 1985^1 ^1^>€ -g-al^al (Montgomery) 

sTJlslw (P. L.Montgomery, "Modular Multiplication Without Trial Division", Mathematics of 
Computation, vol.44, No. 170, pp. 519-521, 1985) ■§- °l-g-tr ^ y o Vl 3 . 
<18> -g-Jinflsl <£aLe]^£: *}J=$|)<H ^ofl cfltt £tS. 

^ ujAfl^Aljzj- 3HH(shift)«3#.<L5. *M*>7l ^-g-ofl r^jig- -f-^V 

^^^^kcpu) ^^m^is^^^KDSP) f-^-H^ ^ji5]# ^^o] -g-oi*} 

24=- *r^r ^<>1 £H=f. -g-^l^ §^<a^>^ #^<i 3q^A>^> ^(operand 

transformation) 2r^°l sjA^-tf. , ^ <£^°1H ^^r^ < ?l 215. ^71 

^tS ^7H1 til^fl Oj-^jr). 4- oicf. 

<19> ^^^1 -g-JLufl^w o >^^ 2l"5 «J-^H] 2J\*}^, £f£]i ^S) ^^tiflo] JEL^E^ 

^■(multiple of modulus)^ ^1-^, 3]<£^r(mult ipl icandHl ^^(multipl ier)^ ^ 
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(digit)l- ^-(partial product)^ ^k^% 15] i^d's complement number)^ &%S. 

^<^l?m. 1^1 iL^r^ a^ei^-g- ^ ^^(compensation word)2f 

^r(2's complement number)^ ^ifr ^^^T°l ^l^f. 



<20> 



4 



1=1 ^ HTTC 



<21> 



-i^^l -S-^pfl^ <aj^*l q^lH-Al^^ oiEi^y.^ -S-jHb] ^ 

(Digit-Serial Interleaved Montgomery Mult ipl i cat ion; DSIMN) ^JL^^-Br ^-g-^f 



<22> 



Stimulus : 



<23> 



Integer modulus M : M > 2, and M is odd 



<24> 



<25> 



<26> 



<27> 



<28> 



<29> 



<30> 



Integer M' 

Integer n 

Integer N 

Integer r 

Integer k 

Integer R 

Integer R" 1 



(-M • M') mod r = 1 



Length of M in bits (n=kN) 



Length of M in digits 



Radix for the digit system (r = 2 k ) 



Length of radix r in bits (k = log2r) 



R = 2 n =r N 



(R • R" 1 )mod M =1 



<31> 



Integer multiplicand A : 0<A < M 
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<32> 



Integer multiplier B 



0<B < M 



<33> 



N-l 



B=2> ^ 



where 



<34> 



Response : 



<35> 



S N = A • B • R-l (mod M) and 0<S N < M 



<36> 



Method : 



S 0 : 0 

for I := 0 to (N - 1) do 

qi :=(((Si + bjA mod r) -M') mod r 
Si+1 :=(Si +bjA + qjM) / r 
end for 

if (S N >M) S N := S N -M 

^ <£jLZ\^o\}*\ ^(quotient) qi 7} ^<5Rr w}^- «o]# *r 0 l#*r*l ¥^?1 (accumulator ) 
«*fl ft(=Si)°fl «7fl *M#^ "-^(partial product)^ 3K=biA)^8r rH «fl ^ #(= Si 

+biA)S} Sl-fl k7fl bit7} (0) 2 °1 € 3*1) # H.^-^ (modulus) 7%^»o]t).. ojc*] 

-r ^1 3) (Residue Number System; RNSHH ^^i ^1 S.^]^^ 3j*r«fl-& t^tr ^rfe ^] sfl °] 
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A. SE^r k7fl Hi HI- (0) 2 -^-S ^>€- ^ r(=2*)3. M-^f-^C^, k-bit shift right ^V^) 

<44> ^ oj-ji^^ *j.= ^fl^s. ^^B^ D fl *H"t ^4 biA (=partial product, PPi)^ Ql 

M (multiple of modulus; MM^* ¥^7H <y7}SH°> *Vcf . MM^ ^ (3E^ 

quotient q^ ^<5 r 7l ^^fl^^. ^ pp^ £o. * pPi ^ ^ -a> 71 

6fl 91^ cltr Tll^H^ tr^f. <4eM ¥#714) ^^^<y pp^ 

MM^l- -g-Alofl ^71^ <e]7>^ ^ &:n. PPj7> o]7>^ ^ <^ T^ol ^oflo> MMj 

7} ^V7H o]7> ^Cf. o]5} ipj nflg-ofl 7> & o} 7fl Al^ <fl ^ fee} Tfl^H logi C 

calculation)-!: ^ (PPi7V <?l7^ nfl *V»} , MMj7]- <?]7 r ^i nfl a ^*8*>7il 5]ZL o]^ 

l-^A^l-Tll ^ *1 3^3. (dynamic power consumption)!- ^cf. 

< 45 > jEtr uj) ^>o]-f- p>rf ppjsq- MMjS] ^oj ^^(multi-level logic circuit)-& 

^tt&I^ H^*l^( spurious transition glitch)<>l ^S^^ ^ ^el H 

< 46 > neli 3 9JMiel#^ tr ^f°l# MHH PPi^r MM^ ^ Tll^*}^ zl ^-i_o. - 

^7)1- ^-sfl ^r^*}^ °1^<>MJI ^IJl^Ccritical path) 7]- ^Tll ^ 

slJi uJ-iiH ^ el -^(processing performance)* ^-°l7l ^sfl 7fl^ol ^^L^cf. 

<4?> .a ^ o. ^-^j^n- o^)^ <g7itr Hl-sl- ^ is.^^^ ^el^r ^<?HH 
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<48> ^^dLSofl ^ <3^#*1# Xl^^l] &t}. 

<so> -a « s ^^ > i^^s}-^^ # ^ofl -§-#*)-^ ^i2)<gx}-^>4 z\]2s\9M}x\ ^ ^13^^^>1- 
2) ItM S^Kr xli^sM- # *>M-» A oM ¥^1^ ^i^Rr XU^s; #7l 

^ XI 2^ ^7} xll^s* XH*Rr ^l^lstf M^Rr XlKd^SJS-; ^-71 XMsi- XI 

<X*Rr Xl2^1JH-^: M^Rr X^^S; ZLS]jl #7l Xll^lSl-ol nfl^j a> 7 | ^ 2 

<5l> ^"71 Xll-<0J:l-4 #7] Xl2-tlJLl;^ #71 -*7l XU^S.^ ^7] X1233. 

<52> ^-71 XU^Stt, ^-71 *Hl^lJr# ^ -g-#*H #7] XU^lM" ^ ^>M-» ^ 

^71 HMS #^*Rr XllXHHS^* 5L^-*V4. #71 X]2^^r, ^-71 XI 2^1 ^-i" ^ s:> 
M-°fl -§-^H A oM X]2<£>i]:3M- ^ *>i4# #«l*Hr Xl2^El#BjjA^, X1241JL1- # Cf 

€■ -§-#*H #7] Xl2 1 g^#5JiA^ o. ^ -AV 7ls #^Rr Xl2XHH3|5.* 5E. 
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°1Hh}-o} ^S-sq^, ^-71 *fll £ ^12^^:^:1-01 ^-71 *fll £ ^12^1^1- ofl AA 

o. ^^>^ ^E^ Aj^Efl S ^ ^Alnj-^l ^-g-^ ^ #.2.^, 5E*> ^7}^ 7>=( 
<55> "^Hl^ 3°l£ 1024 U]E o^o) 3. ^.g. 7lW>^S ^ ^ 

<56> £ 2.^ #^-2] SL^iS. ^ ^AHJ-xHl ^ Si^l^ radix-4 

oIji -S-ji^lel ^jxe]^ A]~g-Sl-ir ^ °J^>^11- 7l^o.s ^*V7ls flcf. 

<57> ^, ^A]^oflA-l^ ( 2.^E^P^ ^o] 7 > n °lul ^^-^ ¥^ #^^1 

Jl^ *H#°fl nj.^ cl^lH(N) ^r^^t^-. o^H, n = 2N°14. ^^t^ n o) 1024&}-^ 

N-c- 51271- £t}. £ ^ ^tg tc^ ^^o]]^ g-7>^L^ »p^- 0 ~ N"l # 

SH+S] r^^E i^-El-uflcl.. 

<58> .£ l£r ^ofl ^AMJ-^ol ^-Aj o. ^ §r+ 

<59> £ 10] 2.^3.^1 03x^*1 - £f^A a^l^E-1 M_REG, s)^^ 31*1^ A_REG, ^ 

efl^liE-1 B_REG, 4:1 ^E]#eJ]A^ 13 ri 2 3, Zffil^ 7fl-^sS)-7l 70, ^-i 80, 
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fcTllolHsjS^ 43 ^ 45> ^7}^7} 47, ^lH^a. 50, 100, ^7l# 53 ^ 
57, 61-65, ZLS^Ji efl^ll- 66-691- 

<eo> ^a_v 7 ] 100^- ^^eflAi tilB^a. 504 ^ 3]*]^ C_REG ^ ^ sfl^iEl S_REG-2-S. 
¥^7l 100.^5.^- s) S N [n:0]ol ^V#^nf. 

<6i> <^7H, efl^j^E^-i- A_REG, B_REG, M_REG, C_REG ^ S_REG^ #^#^1- 61-65^ 

CK^ ^ ofl^l (rising edgeH -§-#*H -^4*}^, 66~69tt #^ CK7 r s.^-efl^o] ^ 

<62> efl^Eil; M_REG, A_REG, C_REG ^ S_REG^ <y#^(PIP0; Parallel-In 

parallel-Out) efl^l^B^-i-olcf . ^^^e-)-^ M_REG, A_REG, C_REG ^ S_REG¥ N+l(= (n/2)+l) 
5]o} av^^AVol ^S]^ ^jz]-^ S N [n:0]°l nfl^l ^ CK^ n|) * r oj-sofl -g-^- 

<63> fiteli 5)1*]^ M_REG¥ n«lBS ^ S-l-e^ M[n-l:0]^g- 7^ 0 V^Vcf. ^-jinflE} <£ji 

El^ofl 143.13 S.#e^ M^gr *<K V #^^1^.5. Sl-E)^ efl^Ei M_REG^ n r *l°i- w]H^^l 
(LSB)^r ^ -i^^M $m. 5Etb, £teii ^ <#^°]E.3, JfJitilB* 3tf-*> 

x ) efl^l^Ei A_REGtt n+lwlH^ £)c^ oiooj A[n:0]l- ^#*r 

cf. ^¥ eflxl^E^ A_REG^ ^0)7} n+ io] ^ o. ( A 7 r <#^<4 -g-^ 7>^-s>s.S 

-^-Sti]H(n«l^ll, ^ y]H S A )1- S^-a]^o> ufl^-o]cf. ^ efl^l^E^ B_REG^ 

1-^ ^/^11-#^(PIS0; Parallel-In Serial-Out) efl^l^E^o]^ ^ g-i- ^^t}-^. ^ B 
°flTT -f-S«lH2f «1b^o1» ^7] h)e 7 }. i^c^o]: ^^efl^l^Ei 

B_REG^r n+2^ ^H^ols. sH ojooj a] Eo] n+1 ^^ J= 7p ^(S B ) 
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■& 33-^3" . 313^3 B_REG^ #§33-3 #3-3" 23 H3 -f^ ^EHf^ ^^3- 

. ^ efl^liEi B_REG^r ^ #^3-3#3-3 -f^ 3HB^M1 ^ 2 ti]E bl * 5q <4 
3 #3 3B b R -i- -f ^ 80 <LS. ^l^tVcf. 

fit^i 31*1^3 M_REG3L^fEi £f5li M3- M3 13 iL^& 5. 

^-S>3 Efelit MM r 3 ^r#(M, 0, M, 2M)3 4:1 ^EH-^ i3ofl o] 7 y^ 
43^3 A_REGBJf 3 3^ A3- 3*t A3 13 AS B#3-3 ^-g-^ PP^ 

3M-(2A> A, 0, A, 2AH 4:1 ^3#^3 23*11 S^V^t*. ^^^ifl^s. 13 ^ 2 3<^1 SL 
^3^ ^ -?-£-§-3 1^ iL^r&l-CM, A, 2A)* S^*>JL 5UB3 , ^E]# e J]3# 13 ^ 

23^1 3*1] ^oll 50*113 iL#^.E. CWi[l:0]ol w>^^ 2 3 B^s}- 

€ 333-. 

£#3^ 7fl^-s^7l 70^r, 5.^-3^ MM^ ^ ^3-3 3^ ^^33^34. 
S-#3^ ^^^-71 703 °^£r, ^3*^3 13* *fl33-3 SEL_MM[1:0]S^-E-1 # 

61* -§-*H t!r #33-3 #^ 3<£33 ?-!]:&£] 413: SEL_MM_D[l:0] , 5.^3^ 33 
^3 ILREGS^-e-1 2.^3^ M3 3-3 2*13) H1H M[l], ^-£-§3 3-3 23 H SPPi 

[l:0]3 33^-3 3"3 23 H Sitl:0]3 ^3 3^r ^¥#^"3 3"3 23 B SPPi[l:0]ol3-. 

2^3^ 703 #3^, ^3# E J]3 13* *H333 S.l-3^ MM^ ^ 

3-3* 4i^3-3 3^ 41Jl SEL_MM[l:0], ^3#^3 133 ¥3"7l 1003 5-2 ^]B33 

S3 3 50<L3. ^#3^ 3* °J:=7ll3B5|3- 43* *IH*>71 3t> 41 3l EN_MM, =L 

3^ ^KiM 47s ^l7>33 ^33 ai-e^-g- MMj3 alBl^d 3¥» ^3^3 3*v ^13 

3 NEG_MM33. 
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°l7]*\, SL^e^ ^3L1%7] 70^ f^H, *)H^3l SEL_MM[1:0]£- 61 

* -f-«H ^ #^4°l# n J:^- *1<?!=M ^€r°d^Sl^ M CK7 ]. s.-fefl't*?] nflofl 6 6 

* ^^-^H 13JL5. <y7>^cf. SEtK *1H^1J[. EN.MM^r "M CK7> S-f efl^<?] nflofl 
2fl*l 67-8: -f-^M °B£L^H 43£_S. ^l7|-^4. S^&li 70^1 #7l 

61^4 Hfl^ll" 66 ^ 67^, S.^e^^-Sl ^jz). Jf£-§o] ^ ^a^o] cf^ofl 

ol-eflo^ s x o. £ - E ^ 7fl «.^^ 7l ^i^ a(truth table)^, <^#^ 3H 4^ 

^^sbjia^ 13^1 £f^i§ MMj^l ?M-(M, 0, M, 2M; HL^ -IM, 0, +1M, +2M) f^H 



[S 1] 



■a 3 




MM i [n+l:0] 


Ml 


SPP i [1] 


SPP i [0] 


SEL_MM[l:0] 


EN_MM 


NEG_MM 


0 


0 


0 


SEL_MM_D[l:0] 


0 


0 


0 


0 


0 


1 


1 10 


1 


1 


| -IM 


0 


1 


0 


11 


1 


0 


+2M 


0 


1 


1 


00 


1 


0 


+ 1M 


1 


0 


0 


SEL_MM_D[l:0] 


0 


0 


o ! 


1 


0 


1 


00 


1 


0 


+1M 


1 


1 


0 


11 


1 


0 


+2M 


1 


1 


1 


10 


1 


1 


-IM 



*V ti] S ^- ^u]Bt n+2 wlHS] zjoj-i- 7 }7)^ 5-2 ^ i^B^f! 50JL3. 
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^cf. Sfeli ^JlsM 70^1 3.^^S] fto] £^ ^a>71 100^ ^Hefl 

^ U||H^a 50^-S ^l^TT 32}-^6|j Jitf tMI^SI ^ol^. 

> £ 2^ 3. ^ ^Tfl^ H-^^i 70^ ^l* 

£ 21- ^S*}^, af-e^ 70£r, 87fl^ <y^ D l\i E 0 ~E 7 4 37flsj a|| e-J i£ g 0 

-G 2 ^ I7fl^ #^ D 1\I ZS. °1^-<H^1 8:1 ^^^^A-^-i. 7i ^ 72, ^o^Al^ NEG_MM-§- #3*} 
^ ^S)S. 73, ZLE]JL *lH<dJ: EN_MM# #^Rr ^TflolH ORIS. ^3^5. 73 

Ml 53 SPPi[l]» i^>MMB XN1, zl^JI q^#^y ^oj-Tflols 

XN1S] #^4 SPP^O]* *1H^!Jl NEG_MM^r <ffl^7lMm AN1S. 

iL^TlHH ORl^r SPP^l] ^ SPPitO]^: alH^IJ: EN_MM-§- 

8:1 ^Ell-^Ms- 71 ^ 725.«-e^ z]-z]- ^]<>|a1s SEL_MM[1:0]£] ^*lH SEL_MM[1] 
^ *>^«1S SEL_MM[0]7]- ^ #^^cf. 8:1 ^B]#bJ|a^s. 71 ^ 72 o) ^o^*!^ g 2 , G x ^ 
G 0 °fl^ ^4 Ml, SPP^l] m SPPi[0]7]- ^-JB-SLg. ^]7>^cf. 8 :l ^EH-*H 7 i<2} o^e^]^ 

Eo, Ei, E 2 , E 3 , E 4 , E 5 , E 6 ^ E 7 ^l^ ^4 SEL_MM_D[1], 0, 1, 0, SEL_MM_D[1], 0, 1 ^ 0°1 
8:1 H£|#bJH 72^ ^a E ^)ui Eq> El< E2> E3> E&> Eg ^ E?o11 - ^ 

SEL_MM_D[0], 0, 1, 0, SEL_MM_D[0] , 0, 1 ^ 0°) <^^£f. 

i 2<^1 8:1 ^ #^^(7i £E±^ 72)^ 87fl^ °d ^ n] ^ # ^ 371]°) ^ c>| E ^ ^ ofl 

°J7>£]^ >ttJL#3 M rij-e}. zl ^-e]-^ ^ SZ^-M-, £ 4^1 zl <^^l- w>^- 

°1, ^^7l)ol_es ANll~AN183f .2.o}7tiolH ORllS^i Zt^} ^ . °}sfl^ ^ 1^- 

8:1 ^Bl^BJjA^ ^-^^(Boolean) «<HH* M-^\H4. 
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<74> Z = G 2 • Gi • G 0 • E 7 + G 2 • Gi • G 0 B • E 6 

<75> + G 2 • GiB • G 0 • E 5 + G 2 • GiB • G 0 B • E 4 

<76> + G 2 B • Gi • G 0 • E 3 + G 2 B • Gi • G 0 B • E 2 

<7?> + g 2 B • GiB • G 0 • Ei + G 2 B • GiB • G 0 B • E 0 q 1 



q H>H G 0 B-G 2 B^ G 0 ~G 2 ^ tiV^HlBl- M-E^t}. 

£ 2^ fes^S 73£r , Ml^ SPP^l]*- °J n *}±r ^o^M^ XR1-4, + 

^oV^olH XNl^l #^54 SPPi[0]* <a^*M ^)^SL NEG_MM-§- I^^Rr <&1=7\] <>1 

2:^&|5l^.o]cf. 80^ ^^r, ^"t^H 23°fl PPj^ 

f 1 All SEL_PP[l:0]7> 1-^1-^ 62» -f-^H $ M*H#<?1:^- *l<35q 

<H ^12. SEL_PP_D[l:0], A^l 2*1 B A[1:0], ^ B^l ^ 2*1 H 

bi ^ b 0 ^ 2«1B^ 3HB€ «1B b R °14. -f^ *1B b R £r FF» 

"t*— • ^JlsM 80A5. -g-^-^cf. 7 i]a.^2)-7i 80A^. A^l f>}$\ 2*lB 

A[l:0]ol <g^5qfe ^ Jfi 80^-S.^-Ei Jf^^-^ ^ 2*1 H PP^lrO]* 

-T"^ ^-¥-Jl^-7l 80^1 #^£r, ^El^BJlA^ 23°fl JjL^ ppjo^ - §>u)-§ £ 

^§>7l ^^HJH 23SLS. 91?}^ ^H^lJl SEL_PP[l:0], H^H-^M 23^1 

71 100^1 5-2 ^ = 3H i4|H*?H 50°.S #^3tt 3* ^l^Hr <*HJEL7lMH:§}3. 451- 
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71 ^JJE. EN_PP, ^d^^ PP^ tilSti>^i ^^f* €^*>7l $J*H H>7R>7l 47^ 

7>€ *I1°14IJl NEG_PP, HSlJl ^^7l 57°1H ^^ = ^1 f>}$) 2«lH Si [1:0] 2)- c]*fl:g 
2«lB PPi[l:0]<>ltf. 

^H^ls SEL_PP[l:0m 62^ 2fl*l 68^ -f-^H 4:1 ^EjS-aH 23<^1 

<?17>^4. *)H413l EN_PP^r 1-^1-^ 63^- Eflxl 691- -f-SM <&B.?l}°]^5\g. 45*11 *l7>^th 
^H^IJ: NEG_PPtt 64» <£7R>7) 47<>ll 9}7}^. att, 2«1 

H PPi[l:0]^ 65* -f-^M ^^7l 57^1 *17>^t*. 7fl^s|-7l 80<^1 ^J- 

71 #^#^1- 62-64^ efl^l# 68 3l 69^, S-t-sji^s] ^ ^ ^a^o] ^ S 

cf#6fl Itf-s ^e^siol g-^1 J^^iE^o] ^1» ^-<5Rrtil 7H*lcf. 

^efl^l 5. 2^ Jfi ^-¥-^^71 80^ ^Tfl* J±c^^ ^lelSSAi, ^bm^ j=l 

PPl^ &«(2A, A, 0, A, 2A; S^r -2A, -1A, 0, +A, +2A)4 *Hfl 2*)^. PPj 



[S. 2] 
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36-18 



20030029445 #<3 <y^>: 2003/12/23 

<85> aflo^^ NEG_PP^r ^3L$\-7] 7 03.*?-^ afl^sqfe- *)H^]Jl NEG.MM^ ^-*fl 

7}#7} 473, 2tilB^| il^JE. CWi[l:0]7> ^7} 100^ ^H3H t-jlH^H 50°-3. 

*Vt}. JLSl-71 80<H1 ^*fl ^iMsqji SEtV ¥^71 100^1 ^ 

= 8lH 50-^.S ^^S]^r ^*cHl 5J°]4. 

<86> 51 3£- 3. 2ofl a)-E}- _8=L^ 7fl^S^7l 80^ -*>Hls|^| Qjefl* ^ ^cf. £ 3 

-i: ^-S^, ^-i ^^S5)-7l 80^:, 87fl<3] ^E^u]^ E 0 ~E 7 4 37fl^) *IHbH^ G 0 ~G 2 ^ 1 
7fl^ #^Ein)^ Z3. <=»1^-<H^1 47fl£] 8:1 ^ H] # ^J] s- 8 1~84, aflo^JL EN_PP» *^*>^ 

85, *1M^]Jl NEG_PP* #^*>^ feE]s]5. 86°-3. 8:1 ^^l^Bfl^s. 

81-84^ 7)^o] j^^o. 4ofl ^_oi ^ ^^cf. 

<87> 47fl£} 8:1 ^B]#hj1a^1- 81~84^^-Ei ^ ^E^^H 23<*fl °}7>sq^ *)H^lJl 

SEL_PP[l:0]^ ^HH^m SEL_PP[1], ^H^lJ: SEL_PP[1 :0] ^H^m SEL_PP[0] , Jf ^> 
3 w]h PPitl], ^-g-g^ «]H PP^O]*} AA #^£4. 8:1 ^EH-ajAi 

1- 81-84^ ^He-^^ G 2 , Gi * G 0 ^]^ AA bi, b 0 ^ b R °l ^f£S ^7^4. 8:1 ^ 
81^1 <833*m Eo> El( e 2j e 3> e 4> e 5i E 6 ^ Ey^ ^ SEL_PP_D[1], 0, 0, 1, 0, 
1, 1 ^ SEL_PP_D[l]ol yfl^^cf. 8 :l I^^^H 8 2^ ^e-H^ e 0 , E 1( E 2 , E 3> E 4 , E 5) 
E 6 ^ E 7 <Hl±r AA SEL_PP_D[0], 0, 0, 1, 1, 0, 0 ^ SEL_PP_D[0]^ «fl^€4. 8:1 <£e1§3] 
*\ 83^ SJ^E^l^ E 0 , Ei, E 2 , E 3) E 4( E 5 , E 6 ^ E 7 °)l^r AA 0, A[l], A[l], A[0] , A[0]. 
A[irA[0], A[1]~A[0] ^ 0°1 afl^t}. ^ 5^ A[1]~A[0]tt A[l] ^ A[0]*1 ^#^1*. 
^MlolH XR1# -§-*l-cr| ijtojrf. 8:1 ^eH-s^ 8 4^ °^eH^ E 0 , Ei, E 2 , E 3 , 

E 4 , E 5( E 6 ^ E 7 ^l^ AA 0, A[0], A[0], 0, 0, A[0], A[0] ^ Qo) wfl^^cf. 
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<88> ^Haij- EN_PP# #^*Rr 85tt, bi, b 0 ^ b R * ^-g-^-S. °J^Rr ^TlM 

' Bt ND3 ^ ND44, -^ElTlHH^I- ^3 ^ ND4^1 #^-§- EN_PP» ^34^ 

^H^Tflole AN2S. ^44. ^l^^lJl NEG_PP» ^34^- feEl^S 86^r, b 0 ^ b R ^- ^4 
^ ^l^TflolH ND54, Mi^TflolH ND5^| #§14 ^M^]jr NEG_PP# <?H 

iE.7ll 0 lB AN3^.S ^44. 
<89> 7l^-^A^, £ 1°114, 100^1 ^§14 5.^^ MMjtn+l^]^ PP^n+liO] 

£r ^Hs^i i-ll 3 50<H14 7fl^-^olti. S.B.S. -g^Rr ^<£44^4, 7flEl&)14^El C_REG 
^ ^314^1 S_REG<^1 44 4^4 711^^4 ^ -T-] — H- ^"4:4^ ^ ^4-1- t}a] ^e fl ^ iE ^ 
S_REG^1 ^44tt ^£44^(^-44 -f^H S N [n:0]ol >S444. ?fle|- 

^J^o] ^^AV^^Ai ^^Sj-SJE. o] :f ^u^O^o] 44£r, ^H314 I^Bfl 

3. 501- ^H*>^ SW7]- "0"<i4 "1"^. ^1 o] S3 ^] n^tf. 5E*b, £f£^^ MM^ 4^H1 

^<^Rr ^-§-¥4^4 44 24 B. SPP^liO]* ^#7l ^4^, 7fl^efl^l^El C_REG4 ^314 
^4 S_REGS-^El ^#4 44 2«1H^ ^S^S. Ci[l:0] ^ Si[l:0]^ 3^71 531: * 

*H ^44 4^-(Si[l:0]), H ^44 444 2 wlS^ 44^= SjtlrO]^ 4*1 #$7] 57*114 
44 2 ti]H PP^liOj^l- ^444. ¥4?1 KXH4, S_CUR[n:0] ^ C_CUR[n+l:0]¥ 
^7fl ^ El ^ ^-1 = 4 = # z^-zl- 7>el7H, S_NXT[n:0] ^ C_NXT[n+l:0]^ n+1^4 4 

4444^H4 ^4^4 7flEl^S.# 44 7j-E)44. ^^71 575.^4 ^£ 

2*}^.2] Jf g-^-AVQ- SPPi[l:0]^ SL^S-]^ 70^ 47>44. 

<90> ojAj-o^ ^4 7)^3 o] Jg^V^ofl ^-tb 4^1" 42:4^ , °fl 44 £f^if 

4 ^£-§4 ^#°1 ¥4?1 100<^1 £43^ ^1^1- «y*14^J °-£.*J 1:4-3-4 4^°1 je^ # 

e!444-£-S. oi^b 4^3.1- 4^ 44°fl 44°i ^^^4. 
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<9i> 5. H £ £fS§^ (M -§-#*Rr #fjf- 

^# 61-655] 71§JL3. ^14^ ("^ t^Jls^I ^-^("5.^^ *fl 

^h..)o1 a] #3 ^£]^r 2-^Bflo]^! sJ-ol^el-oi(2-stage pipleline) 

-^*h§- =T^^h 2-^Eflol^l SJ-OIS^O] S-^ofl #«J.O^ £ 6 ofl £Al£]o^ o^} % 

<92> <^7H, "Jfi ^^^71 ^-fH"^r PPi^ -^7} 100 ofl o^£]^ 

sfl^cf. "S-^s^ *fl^-JL2}-7l ^~fH"^r ¥^71 100-i- 2HlH^l ^ 

^JEL Si[l:0]^- ^ 2«1H PP^liOH ^tfsM aJa^ SPP^HOjol 3. 

711-^-^71 70J1S ^ SL^ei^^^ ^o] AjEn^o] -a> 7 ] 100 ofl <g ^s]^ 

<93> ^£S, ^^cH Sfl^Rr "^-i Afl^2|-7] ^-fH"^ ?l\2)s)o] 

#^1- 61-65^1 ol^ *}o"|^cq Sfl^Hr °g ^ 7^V^>j7 o} 7l nfl-g-ofl 7>^>Cf. ^, § 

^#^1" 61-657} o]^ a}o]^ sfl^Rr -a^^l-^: 7]^>j7 oi^ ^oj- ) ^^d\] 

<94> ^11- 1-^, Jfi ^flJf jr^l 80^-S^-E^ afl^g-s) ^ SEL_PP[l:0]^ <$2\2\ 

^ ol#ollA ^ # ^ CK ^ AV^^^oll -§-^V^ 62°fl <£r£°) 

SEL_PP[l:0]^ Afl5.£ #^*H#oflAi Afl^o. ^-o] X] ^ ^ o]^ Aj-Efli- zLtfljjL 

*Vcf. v}#7}x}£., 63<=>1 ol^Aj-Bflo^ EN _ PP o] ^.g- 7^>*>ji oi^ #^^V<=»1^ ^o> > 

^#t!r -f-*M ^f-g-^^ 2«1H SPPi[l:0]^>l >M3°1 ENJfflH 
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: r-^-¥^>^ ^ 2«lH SPPi[l:0]ol NEG_MM°1 *MJ€tK 

^p].cf «^ 7 fl«.^^ 7 i 80^.5. °]7|-S]^ t^B B_LSD0~B_LSDN<^1 -§-#*M 

15.JfEi #3 N+l^l s 7 l^l Jf^S} PP0-PPN-4 t^s- 

MM0~MMN°1 1- ^ 5^. 

°1» ^-ol = ^oi aj-Alo] ^-g-S)^ ^ £ 5^ tiling, £ 6<$*\ ^ H-l-B^ 

&s.<^ ^5]^ #^^>ol# ^ofl ojo^ -£ 6°1 N+3°l ^ £ 5^ N+2o] 

£6^] ^± fij4°lt T2^ <^3 < ?} ^-*<HH H 5^1 

6 1# Tl^ 0.7«flSA-l TliL4 a-tf. <4sH, ^1 nfg. -S-^sl ot 
1.4«fl( = (10/7)*((N+2)/(N+3)))°"|t}-. N = 512(2.1-5.^ v]^z3o) 7 } 1024°] ^-f )o] 

-H Tl^l 10nsE}-Jl 7l-^*>^, # *H#e]-°H 5a°H-£ £ 6 ^ ^7}- SU^Ml- * 

7ns^ £ 5 o| ^0.0] 513^0] ^ * lOnsiH} g-g--^ <£ ^ 

4:1 ^El^ejiAi 130^0} sf-e^^o^ ^ a]eh^ 7 ] 3^. tiHaij: SEL_MM[l:0] 
jzf 4:1 ^e]#eji^ 23*11^ Jf^o} ^ A]ejS>7l 3tb ^H^IJ: SEL_PP[1:0H z}-^ sfl^ 
66 3* 62<>l]Ai #gjoj 5.^1.^01 ^o> efl^sH oi 7 l ^^^], ^b)#bJ1a^s. 13 ^ 23 

#^Oj X\\£_0_ ^_o^ 75 A] AI^O) <^^]^Cf. 

^r, "T"— ■ ^-51^71 80^-S^-Ei 7^1 a] ^ SEL_PP[l:0]7> 62# 

^ Efl^l 68^1 *J#sq<H oi^ ^o]- j «.«.-av^ ^ 2 ai B SPP![l:0]ol 5L^z]+ ^w^ y] 
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70^ 8:1 -aElt^^lt 71 3l 72^1 ^€ 4# *fl<H42-£. SEL_MM[1:0H aJ^^M Efl^l 66°fl 
^e|:el, #3 CK7> s-f ^l^o] nflofl SEL_MM[l:0]-4 SEL_PP[1 :0]7\ -^X|ofl ^^J\ 
*\ 13 3l 23<*fl 0.3*1, ^E^^eJjA^ 13 u] £^ 7|A]Al^oT ^7l2)-5l^ 

o>-i-e^ ( ^E^e*)^ 13^ 100AS2] *i^g- ^-^Kr CHIMBS) 

5. 43^ ^1^^1-7] -*!Jl EN_MM j4 , ^Hq^eflA-^ 230] ^-a> 7 ] ioo°.3.i5] -f-^l 

*Rr <?H^7llolB5lS 451- ^H<5>7l ifltt 41 £ EN_PP<H1 ifl^H, ^#*1 SEL_MM[l:0] ^ 
SEL_PP[l:0]^ ^-^-^ H-^MS., Efl^ll- 67 ^ 69» ^TiM^s] s-g 43 ^ 453.2] 

9l7}*\$Sr ^71^1^14. ^, S.f^i *l}Jf jL5}-7l3-^Ei ^^tt EN_MMS. 
°fl ^Rir ^-^-¥^^ ^ 2«1H SPPi[l:0]^l -g-^-^H #^S]7l nfl-g-ofl, 3flJf JlS^I 

80-9-3^ ^^ofl ^H^lJl EN.PPtt EN_MM°1 3 7l *>*1 efl^l 69<*fH tfl 

7l*>cf7> <*HiMHB:5|3# 43 31 453 SM^cJ-. 

Tja^o.^., 13 ^ 233-^ ^A>7l 100^1^1 ^S-Ofl ^*H, 5.^^ 

MMi[n+l:0]^- JjL-g-§ pPj[ n +l:0]^ t^o] ufl ^ ^7flu>4 7^^^ a] 3 3. ^^Al^ofl a} 

eh °j.7\ s-<y*is <y*n ^s^tt #e]*h $m ^s.s)±t 

t^H^r, ^fl #^>4 SEL_MM[l:0]sl- SEL_PP[1 :<)]■§- 

61 31 62^1 ^-7]- ^Jl, ^7fl S^Mgo] a^-sj^^-o) £ cr^ ^f-£-^ ^o] » 0 »O_ 

3 AjEflsH^ ^ i 3L^ S. 2 ^-SH, o]^ 4olffi] SEL_MM[l:0]^ # 

SEL_MM_D[l:0] 5E^r ©l^ ^>o]^^ SEL_PP[l:0]^ & SEL_PP_D[1:0]# °l-g-^-T}. , ^ 

7fl #^^>ol#^ jg.-t-Ei^cq 
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^■■g-^ #o] »0"SL3. -id^sM*^ Sfrfe ^-f^, SEL_MM[l:0] Stt SEL_PP[1:0]^ ^o] l-^ja.*} 

S 2<*fl J±°] ^-o], ojn^olEsjs 43 45s. aflo^^ a]Jt EN _mm SE^ EN_PP7> "0"^1 

7l nfl^-ofl, SEL_MM[l:0] Sb SEL_PP[1:0]^ SM ¥^7l 100 ^S)^ S-l-^ 

# Sb ^-^^ sJM €4. 

cfs tb^^-S, -g- 1^°lHb, o]^3}- ^ol^-cflA-1 SEL_PP[l:0]ol 3^ ^ 
€^(hamming distance; ^ «1H «F« ^ 2^1 Jfs ^\o}°\] tfl-g-s)^- <g *1 & 

^^1 7fl^)7> 3$±.&% ^S^JLJL*) ^^^9] ^d^i£t #^ ^ °1» 

^flJf Jr^y] 80^1 ^«fl I^fl ppjs]- 1+1*] *fl ^ol-i-oflAl 

PPl + lA>o]ofl^ ai 24 ^ ^7jl7> ^^fltlrcf. 



<i04> p P j = +A pc^ +2A -> PP I+1 * +2A m, PP I+1 e= {-2A, -A, 0, +A}) 

<ios> p P j = -a -2A -> PP I+1 * -2A PP I+1 EE {-A, +A, 0, +2A}) ^ 2 



<106> ^, *}°1#4 -f^r^l +A 5Eb +2A<a *fl I+l^^fl *H#£] ^-g-^ +2A7]- € i ^ 

SEtb 1^*1) ^M-I"^ Jf ^o] -a SE^r -2A^ «fl ^>ol#^ -Sf^-^ -2A7> ^ 

4 1 °>?1 ^r^ll- °l-g-*}-^, o];*^ ¥ SEL_PP[l:0]7>>olofl^ i^Bfu}^ sf-g- i% 

°J c]^Ei^7> 7K> ^ ^o] SEL_PP[l:0]!- -^Ss^ ^ . ^ «fl^ 
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<i07> ^-£§3] & +A« ^*Rr SEL_PP[l:0]3l &4 +2A# *}^Rr SEL_PP[1:0]^ #o] ^ 

3. ^r^l7> Sl-Jl, ^-£-#2] & -A» ^^^-fe SEL_PP[l:0]^ ^ -2A# ^ 

^ SEL_PP[l:0]^ wlH^V^i ^7fl7} fVcf. 

<ios> a.o] s 21- ^S^, -^-^-^s] & +a# SEL_PP[l:0]^ ^ »00"ol^L, 

+2A* ^^H=r SEL_PP[l:0]^ HL*V, ^-^-^-^ ^ _ A# Aj^Rr SEL_PP[1:0] 

^ "10"<>"|JL, -2A« *i^*Rr SEL_PP[1:0]£] "01"olcf. 
<109> o)QQ°- SEL_PP[l:0]^ ¥-3L$\- wj-^i-i: a}.^}^, ia}*fl *H-^o] ^-g-^-o| +2A°lJI 1+1 

*M#^ -f^o] +A o] ^^-2f *}oj^ ^--g-^-o] -2AolJl l+iw}*fl *H#£) ^ 

-A<y ^-f^H^ SEL_PP[l:0]^ Sflxg ^£^7} 2o]ji ^-^^ ^ -f^ s.^ SEL_PP[1:0] 
si *fl n J ^^7} 1 0^1 cf. 

<110> Aj--^ ^Aloflbfl^ ^ £ ^ y^o]] igj-^cq -f- 

#3 7>A] ^ M^cq ^^^cHl^ «j o._g_o) 7Brt5}4. 

<m> H-^si ajahh o^}^, m. ^ o. j^^^a ^hv^h #^3.1- # 
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11 

7lS ^^s->^ allies.; 

7n>^ ^ <£^*i . 

2] 
3] 
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#7] ±f^7]3. &&Z}^ ^117)101^2^5.1- ^ *fe ^A>^1. 

[^T 1 * 4] 

^12* 0 H1 5^1, 

^•71 *H2^5.7h ^7} *H2^« # ^ofl -§-#*H a o V 7 ] ^^ojAVgJ-s. - ^ 
^^El^e^S]-, ^-71 ^12^1511- ^ cf^ *>14<^1 -g-^M ^>7l ^l2^El#a]A-l^ 
^7] ¥<L>7lS #^Rr ^127)1 olH5) S.» ^Hl^-i- IRJjlS *Kr <3##*1 . 
5] 

A o V 7l ^12^1^1- ^ ^7) *>l4^1 >y^7> ^"71 #^^1 ^}o)^\v]- ^-g- €flnj t)^lgi7}- 

4^r3 alsts ^*g* *}*r ^^1. 

I^D" 6] 
^12%H1 

A oM ^ll^ls-i- ^ ^l2^1s#ol a> 7 ] # ^ofl -g-^H *M=eKl ^ 
^ SLsL <S-£H)-*l. 

^16%hi 5a°H, 
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